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ABSTRACT

A HOLOGRAPHIC SOLUTION
TO THE PROBLEM OF
THREE-DIMENSIONAL DISPLAY
IN THEMATIC CARTOGRAPHY
By
Robert W. McKay

Thematic cartographers, over the last fifty years,
have attempted to incorporate the use of the third di-
mension in the product output of their field. Early
attempts were inadequate by today's standards, owing to
perceptual and portrayed dimensional inconsistancies.
Subsequent development frequently failed to account for
the needed realism expressed in terms of angular per-
spective. The culminating factor attributed to the
fatlure in attaining the goal of three-dimensional rep-
resentation was the inability of the existant two-
dimensional media to portray a true three-dimensional
message.

The development of holography has changed all of
that. This technique offers the capabi]ity of present-
ing a three-dimensional image on an essentially two-

dimensional medifum of expression, a piece of film or



Robert W. McKay
glass. Additional attractiqns. such as the ease of mea-
surement and chronologically oriented multiplexing, can
also be presented as definite advantages over conventional
thematic cartographic techniques. The use of holography
1s the next step in the evolution of the cartographic
field. The characteristics of holography demonstrated in
this thesis prove that it is indeed a viable method for
recording three-dimensional cartographic output on rela-

tively conventional photographic film.
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CHAPTER I

The Problem

Introduction

Off-axis holography is a technical process that can
realize its result in a three-dimensional visual output of
a three-dimensional diffuse object or scene. This'process
achieves this end by recording the interference pattern,
resulting from the interaction of two coherent 1ight wave-
fronts (emitted from a laser 1ight source), on a photographic
plate. One of these wavefronts is a complex wavefront pro-
duced by the reflectance of laser 1ight off the physical
components of a given diffuse object or scene. The other
wavefront involved in this process is a plane wavefront that
issues forth directly from the same 1ight source. While
off-axis holography was originally applied to two-dimensional
graphic information, subsequent development of the technique
has established the unique capability of three-dimensional
display as its single greatest attribute.

As do holographers, so too, thematic cartographers seek

the graphical display of information. Since the 1920°'s
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considerable attention has been paid to the portrayal of the
third dimension by those of this field. Unfortunately, the
three-dimensional 1imitations of the various media employed
by thematic cartographers have negated any final realiza-
tion of the three-dimensional objective.

It would seem, then, that the ability of holographic
means to display the third dimension could be augmented by
the desires of thematic cartographers so anxious to achieve
those same ends. The result of this union could be the

birth of a true three-dimensional thematic cartography.

Statement of Problem

The problem to be investigated might initially be
stated as, "Is this union possible?" That is more of a
technical question than the greater philosophical query of,
*Should this union be made possible?® Both eventually must
be answered; with the former, perhaps, most legitimately
being based only upon affirmation of the latter.

To achieve this determination, the heritage of "three-
dimensional® thematic cartography must be examined. False
assumptions, inconsistencies, and shortcomings of various
methods used in contemporary “three-dimensional" thematic
cartography first must firmly be delineated. While the
suggested creation may rightfully be true three-dimensional

thematic cartography, it must still prove itself viable in
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a field that has been dominated since its genesis by two-
dimensional graphics that utilized visual cues to gain the
title (but not the body) of “"three-dimensionality".

In this 11ght, the importance of this thesis might be
in terms of its search for truthfulness. The adoption of
this technique could dispel the need for presenting il1lu-
sions of three-dimensionality. If realism in any way sub-
tends the "cartographic conscience” then that alone should

serve as raison d'8tre for this conception.

Objectives

It 1is probably apparent that certain objectives of
this thesis are couched within the previously broached
questions. However, perhaps the ultimate goal of this work
is to prove that three-dimensional thematic cartographic
results can be achieved through the use of the essentially

two-dimensional film plate used in the holographic process.

Hypotheses

I would first hypothesize that over the last fifty
years thematic cartographers have been attempting to intro-
duce and develop a concern for the portrayal of the third
dimension. Secondly, these attempts, while coming closer
to that goal with the passage of time, have not actually

been able to portray the third dimension via two-dimensional
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medfa. In conclusion, it is hypothesized that the use of

the holographic process allows for the production of a

three-dimensional thematic cartographic output on an

essentially two-dimensional medium of expression.

Definitions

X-Axis

Y-Axis

Z-Axis

Two-Dimensional

“Three-Dimensional™”

Three-Dimensional

Physical Model

Holography

Object Beam

Reference Beam

the first rectangular
coordinate

the second rectangular
coordinate

the third rectangular
coordinate

defined by x and y axes

defined by x and y axes,
but giving an 1llusion
of the z-axis

defined by the x, y, and
Z axes

a three-dimensional structure,

cartographic in nature, that is
composed of statistical planes

on the z-axis

a recording and viewing process
that allows reconstruction of
three-dimensional images of
diffuse objects or scenes

a complex wavefront resulting
from reflectance of a plane
wavefront off a diffuse object
or scene

a plane wavefront emitted from
the same source as the object
beam
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Hologram - the photographic record of the
interference pattern resulting
from object beam and reference
beam {interaction

0ff-Axis Holography - producing holograms by separate

object beam and reference beam,
offset at an angle to one another

Data Sources

The nature of this thesis does not call for the col-
lection of quantitative data, so prevalent in contemporary
geographic research. Rather, the comparative and contras-
tive format of the investigation requires the use of quali-
tative data. The products of differing variable viewing
angle techniques will be examined in regard to their res-
pective abflities to meet the objective of achieving "three-
dimensfonal® (and actual three-dimensional) portrayal of
thematic information.

Owing to the static viewing angle of ninety degrees,
“three-dimensional” hill shading techniques, such as Tanaka's
inclined contour method, Brassel's oblique hill shading
method, and other variations on the same theme will not be
analyzed in the context of this thesis.

Several modes of representation will be applied to a
common subject, total State populations of the midwestern
United States. The techniques to be investigated are as

follow:
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1) two-dimensional base maps with volumetric symbols

2) block diagrams

3) physical models

In addition to these methods of representation, a new
technique will be applied to the thematic mapping problem.
This technique is that of:

4) off-axis holography

Data gathering will be accomplished by assembling and
il1lustrating graphical products generated by the author.
This output will consist of:

1) manually constructed drawings

2) SYMVU computer plot outputs

3) manually constructed physical model

4) off-axis transmittance holograms of model

5) multiplexed off-axis transmittance holograms
of the model

6) photographs of holographicall& reconstructed
image of model

7) photographs of multiplexed holographically
reconstructed images of model in time sequence

8) photographs of holographically reconstructed
images of model photographically multiplexed
with a physical mensuration device in
reconstructed image plane

Hypotheses Testing

The testing of the hypotheses will consist of apply-

"'S! the data to the qualitative analysis format illustrated
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in Figure 1. The questions asked in the analysis are re-
flective of greater awareness toward three-dimensionality

as one progresses further through the process. Thus, the
first hypothesis will be tested by noting at what point the
various cartographic techniques respectively leave the
questioning process. If the techniques are input according
to the chronology of their development, and each successive
input leaves the mainstream of the analysis at a greater
level of penetration, the first hypothesis will be accepted.

If all techniques, except the newly proposed method
which utilizes off-axis holography, reach, "Conclusion:

The product is not the optimal method for portraying three-
dimensionality on a two-dimensional medfum®, the second
hypothesis will be accepted.

If the newly proposed method that employs the off-axis
holographic technique, reaches, "Conclusion: The product
is the optimal method for portraying three-dimensionality
on a two-dimensional medium®, the third hypothesis will be

accepted.

Graphic Presentations

Presentation of "three-dimensional” graphics will be
accomplished by standard two-dimensional cartographic tech-
niques utilizing pen and ink. Computer generated graphics

will be used to display the output from the SYMVU computer



FIGURE | - ANALYSIS PROCESS

Input representation by various
cartographic techniques.

NO Is the product dimensionally
‘ . consistent? ~
| YES
NO Does the product exhibit
= parallel perspective?
YES

The product exhibits angular
perspective.

Does the product exhibit actual

i three-dimensionality?
Does the product physically
- exist in three dimensions?
E5 Can mensuration be accomplished
in all three dimensions? [
Bl Do any additional disadvantages

of the product void its use?

Do additional advantages exist
with the method or product?

List those advantages.

Conclusion: The product Conclusion: The product
is not the optimal method is the optimal method for
for portraying three- portraying three-
dimensionality on a two- dimensionality on a two-
dimension medium. dimensional medium.
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mapping program. Photographs will be taken of all three-
dimensional material relevant to the thesis. This includes
photos of the model and the holographically reconstructed
images.

Since photography is a two-dimensional form of visual
recording, the three-dimensionality of three-dimensional
images will be compromised somewhat, by necessity. Differ-
ential focusing, dependent upon photographic depth of field,
will be submitted as "proof" for the three-dimensional

nature of the holographically reconstructed images.



CHAPTER I1I
The Historical Basis of

Dimensional Perception and Display

Early Man
The first physical observance of depth undoubtedly

occurred in the early pre-history of mankind. It was not

a conscious observation, but a natural one. It was natural
in the same terms as the perception of heat or pain. It
was simply a small part of the "total man".

Man utilized his natural attention to depth in his
daily regimen. It was this attribute of depth perception
that allowed him to survive. His success at obtaining food
depended directly upon the keen edge of distance judgment.
So, too, did the success of avoiding physical harm from
beast or other men depend upon this perception.

As 1ife continued, man found the desire to record his
achievements. Recording took the form of graphical output
upon cave walls. The meaningful highlights were rendered
to future generations through pictorial accounts. These
graphics attempted to portray life through the eyes of the

beholder.
10
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Commitment to realism had a place in these {llustra-
tions, too. It may have been a chance occurrence that first
prompted early man to apply color to these figures, but it
was certainly not mere happenstance that promoted the con-
sistent application of brown to the figures of creatures
that were, in reality, brown in color.

An additional aspect that relates to realism is that
of the distance-size relationship. The cave dwellers might
have first recognized this when noticing the apparent size
of a creature from a distance. The closer the creature
ventured, the greater its apparent size became. This real-
{zation, too, was incorporated in their drawings. In {1-
lustrating an assemblage of beasts, those that were a
greater distance from the imaginary point of observation

were drawn as smaller beasts.

The Renaissance

The Renaissance ushered forth an increased awareness of
realism. Throughout the art-work of this time, fine atten-
tion was paid to distance-size and angular relationships.

Man was trying to 1llustrate via the essentfally two-
dimensional medium of brush and canvas the actual perceptions
he obtained from his three-dimensional optical abilities.
However, no amount of tofl and tribulation could actually

achieve these ends. The fact remained that at that time
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there existed no method for utilizing two-dimensional means
to achieve three-dimensional results. The use of distance-
size and angular relationships worked toward giving all the
visual cues that were associated with depth, but in no way
could the elusive quality of realism be delivered.

The Renaissance not only emphasized the importance of
realism, but provided the technique and media necessary for
the portrayal of depth. This was achieved by the many
artists who made use of sculpting techniques. Frequently,
these men were the same that used brush and canvas. It is
rather difficult to determine which area of their talents
most influenced the other, but one might theorize that the
acute perception of depth so necessary for sculpting dra-
matically influenced the perceptions rendered to canvas.

In the case of sculpting, these people were presented with
a medium that was entirely suitable for the presentation of
three-dimensionality.

The actual material used for the portrayal of sculpting
is of 1ittle concern in the context of three-dimensionality.
Whether the finished product was stone or bronze, it was
three-dimensional just the same. The unfortunate aspect of
this artistic form was that the achievement of the three-
dimensional quality had to be paid for by the price of

existence in physical space. As opposed to a painting of
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the Last Supper, a sculpture would have achieved depth at
the cost of obfiscating the usefulness of that portion of

the room in which the sculpture was situated.

Early Cartographers

There is no doubt that the actual origins of carto-
graphy go back to the first person who traced his path,
the location of animals, or the course of a river in the
sand with a stick. However, cartographers of the western
world generally seem to trace the pragmatic foundation of
their discipline to the fifteenth century. It was during
this period that man sought the need to record his location
relative to the larger geographical area of his concern.

By the Age of Discovery, this area of concern had ex-
tended to well beyond the horizon. It was no longer
feasible to portray all essential information to an assoc-
fate by means of a few crude line-drawings in the sand.
Furthermore, there arose the need to take this information
away from the point of original composition to other
locals.

The realm of the world was expanding rapidly. The
services of cartographers were employed to meet this chal-
lenge, primarily through the production of portolani and
other forms of nautical charts. The world trade routes

were developing upon the oceans. The guidance of vessels
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over these unknown surfaces to their ports-of-call became
a paramount concern to many, including the cartographers.

It is significant to note that the fundamental under-
pinnings of this field had not changed one fota from the
time when cave dwellers drew 1ines in the sand. The in-
tegral importance of man, land, and water had been carried-
on throughout the evolution of mankind. However, so too,
another fundamental aspect did carry through from time
immemorfal . . . . the recording of the man-land-water
significance upon a two-dimensional medfium.

It is easy to see why nautical charts developed to
indicate only the x and y axes. Since the water bodies
travelled were perceived as planar surfaces, there was no
need to portray a z-axis. A1l necessary information could
be shown to relate only to that plane. Even the three-
dimensional qualities of shoals and reefs had 1ittle im-
portance to the seafarers other than the fact of their
location upon that two-dimensional perceptual plane.

The point being made is that the eventual development
of the two-dimensional Cartesian Coordinate System in the
seventeenth century by DesCartes was a very systematic and
predictive occurrence. Given the fact that the direction of
travel and relative location were viewed in planar terms,

it is quite logical to assume that any representation of
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the same would be viewed in similar terms. The importance
of the Cartesian Coordinate System is most pointed in its
direct and meaningful applicability to the representation
of the situation from which it had been derived.

Eventually, this planar view of the earth changed.
Perhaps it was due to exploration inland from the seacoasts.
In any case, as man traversed the land surface, cartographers
were required to include new types of information to the
products of their trade. If mountains were found at a cer-
tain location, it became the responsibility of the carto-
graphers to portray this aspect. A form of crude symbol-
{zation was first adopted to achieve this representation,
but in no way did it even come close to anything that could
be deemed realistic.

Inappropriately, instead of developing a method from
the newly existent situation, cartographers manipulated the
situation to fit their existing method. Nautical charts
assumed a constant plane and the subsequent necessity of
portraying only the x and y axes upon that plane. The addi-
tion of landforms or other three-dimensional items, while
obligating consideration, did not receive consideration for
the portrayal of that heretofore unrecorded dimension, the

Zz-axis.



CHAPTER III

Three-Dimensjonal Composition

Axes

The Cartesian Coordinate System was originally develop-
ed from the mathematical modeling of René DesCartes in the
seventeenth century. While some contemporary cartographers
might scoff at the need for definition of this system, it is
necessary in the context of this thesis.

“Cartesian Coordinate System -- 1) A two-dimensional
coordinate system in which the coordinates of a point are
{ts distances from two intersecting, often perpendicular
straight 1ines, the distance from each being measured along
a straight line parallel to the other. 2) A three-
dimensional coordinate system in which the coordinates of
a point are its distances from each of three intersecting,
often mutually perpendicular, planes along lines parallel
to the intersection of the other two."!

It is clear that both denotative meanings are derived
from a common philosophical vantage. However, in practice,

the connotative meanings accepted by many cartographers are

16
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derived from the realm of their experiences. This is to
say that those cartographers whose experience has been pre-
dominantly confined to two-dimensional work will find it
difficult to think in terms of a three-dimensional context.
For that reason, these relationships will be examined.

Owing to the first definition, two axes must be de-
fined. Those are the abcissa and the ordinate. The abcissa
is the x-axis, the first rectangular coordinate?; that mea-
sured on the horizontal axfs. The ordinate is the y-axis,
the second rectangular coordinate®; that measured on the
vertical axis. The relationship of these axes is shown
graphically in Figure 2. The representation is functionally
planar and therefore ideally suited for the two-dimensional
character of a pen and ink drawing.

The three-dimensional definition introduces a third
coordinate. This is the zenith -- the z-axis, the third
rectangular coordinate®. The standard graphic mathematical
portrayal of the x, y, and z axes' interrelationship is
shown in Figure 3A. The '0' indicates the origin in this
right-handed coordinate system. The dashed 1ine indicates
that the axis is extending out of the page toward the
viewer.

This imaginary three-dimensional figure could be “"laid

on its back" without destroying the relationship of the
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axial planes. If this were done, the illustrated version
would appear as in Figure 3B. The z-axis should be imagin-
ed extending back through the page. Applying this relation-
ship to a cubical structure would result in the portrayal
shown in Figure 3C. Broken lines are utilized on the far
side of the cube in an attempt to minimize the possibility
of optical 1llusion.

While Figure 3 illustrates the more common x-y-z re-
lationship, another visual portrayal is also acceptable.®
This 1s shown in Figure 4A. Figures 4B and 4C have re-
ceived the same relative adjustments in their visual rep-
resentations as did Figures 3B and 3C. The purpose of
pointing out these differing modes of x-y-z relationship
i{s not to confuse the reader. It {s merely to set the
stage for continued discussion. We will find that thematic
cartographers have utilized both of these representatfons
in their art. Consequently, a working base of common

understanding must be established at this time.

Perspective

Simply stated, perspective is the way in which we see
an object dependent upon the viewing point, the elevation
of that point above the horfzon, and the azimuth on the
horizon.® Perspective 1s utilized significantly for carto-

graphic purposes in the attempt to provide a mapping
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technique that is responsive to the three-dimensional
nature of spatial data. This attempt is commonly re-
ferred to as “three-dimensional" mapping.’

The medium of "paper and ink" can never actually
achieve true three-dimensional results. This is due to
the inherent lack of the third dimension in which to work.
Therefore, this "three-dimensional” mapping attempts to
provide certain visual cues to the reader that will create
the illusion of depth.® The most singularly convincing
item that can be attributed to the success of this 11lusion
i{s that of perspective.

Perspective 1s a very general term. In "three-
dimensional” mapping, differing types of perspective may
be employed. We shall examine these types and various
sub-types in terms of their construction methods and re-

sulting products.

Parallel Perspective

Parallel perspective utilized parallel projectors
extending from a planimetric map.® See Figure 5A. This
map is assumed to be lying thirty degrees off the hori-
zontal plane. The parallel projectors extend to the plane
of perspective view, which is normal to the angle of view.
The image appearing on the plane of perspective view is

referred to as a parallel perspective transformation, such



FIGURE 5 - PROJECTIONS
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as that shown in Figure 5B. The surface is then elevated
along the vertical axis in a manner described by Stacey to
provide a parallel perspective "three-dimensional" map as

shown in Figure 5C.}°*

Angular Perspective

Angular perspective differs in theory from parallel
perspective in that the projectors converge, rather than
éxtend in a parallel manner, at the plane of perspective
view. A cross-sectional illustration is shown in Figure 5D.
The transformation at the plane of perspectivé results in
the transformation appearing as in Figure 5E. An angular
perspective "three-dimensional® map constructed from this
transformation would appear as in Figure 5F.

A significant difference exists between the graphics
that result from angular perspective and those that owe
their form to parallel perspective. In the transformations
of parallel perspective, the x and y axes are perpendicular
to one another. This is not the case with that trans-
formation resulting from angular perspective. The "sides"
of the transformation are sloping inward. If these “sides"
were extended, they would eventually intersect. Conse-
quently, it may be not1ceq in Figure 5E that the horizontal
line above "b" is longer than the horizontal 1ine located

under “a". Visual contrast and comparison can be
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facilitated by examining the transformations and the “three-
dimensional® maps, resulting from the parallel and angular
perspectives, side by side in Figures 5C and 5F.

Furthermore, while it may be difficult to perceive,
convergence takes place on the vertical plane as well as on
the horizontal plane when angular perspective is used.!!?
Since this fact is not accounted for in parallel perspective,
that type of perspective can only result in a vertical ex-
aggeration being expressed in the cartographic results. In
viewing Figures 5C and 5F again, 1t can be seen that the
"three-dimensional" map resulting from parallel perspective
extends further along the vertical axis than does the pro-
duct generated by the employment of angular perspective.

A sub-type determination can additionally be made in
the case of angular perspective. This generally applies
to the azimuth on the horizon above which the viewing point
{s located. These sub-type classifications are referred to
as one-point and two-point perspective.

One-point perspective assumes the leading edge of the
block base to be parallel with the horizon. As one pro-
gresses vertically, it will be noticed that the "sides" of
the block will slope in a manner to intersect at a single
point upon the horizon. A drawing is shown in Figure 6A

to illustrate an example of one-point perspective.
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FIGURE 6 - PERSPECTIVE VIEWS

ONE-POINT PERSPECTIVE

TWO-POINT PERSPECTIVE
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Two-point perspective is assumed when a model is pre-
sented with a corner toward the viewer. The “"sides" on
the x-axis and those on the y-axis each focus, respectively,
upon separate points located on the horizon. An example of
a block viewed in two-point perspective is seen in Figure 6B.

Through the preceeding discussion, a theme has been
developing. The basis of this theme is that types of per-
spective have differing degrees of "legitimacy". This is
to say that in relation to the manner in which we would per-
cefve an actual physical model with our eyes, angular per-
spective 1s the most successful method of alluding to that
perception in contemporary "three-dimensional" cartography.

However, perspective, as we have seen illustrated thus
far, has not always been used by those aspiring to intro-
duce the third dimension into cartographic output. An evo-
lution took place that must be understood to evaluate the
state of the art today. Hopefully, we can subject examples
from this evolution to a form of qualitative analysis that
will allow us to perceive the 1imiti{ng characteristics of
these differing methods utilized in the portrayal of "three-

dimensionality".



CHAPTER 1V

"Three-Dimensional"” Thematic Cartography

Derivation from Topographic Mapping

"Since the eighteenth century the map has been used as
a tool to show the spatial distribution of physical, social,
and economic phenomena. Such maps, which present a partic-
ular theme, are often distinguished from the topographic
map by the term thematic maps."!? Some might say that
thematic cartography begins where topographic cartography
"leaves off". This 1is to say that thematic mapping generally
takes place on a topographic base map. From the preceeding
statement of Hodgkiss', i1t 1s apparent that the relfance of
thematic cartography upon topographic cartography is
chronological as well as physical.

Likewise, “"three-dimensional® cartography owes {ts
genesis to topographical mapping, as this sort of mapping
was first fostered in the United States by the U.S. Géo-
logical Survey.

Early in the twentieth century, the two aspects of
three-dimensionality and thematic cartography were merged.
The results combined a thematic attitude with a “"three-
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dimensional® mode of portrayal. Many of the early attempts
in this field set firm precedent§ upon which subsequent
development arose. An examination of this development will
strive to show us the “"three-dimensional” thematic carto-

graphy of today by understanding the work of yesterday.

Dimensional Inconsistency

Sten De Geer published an article in 1922 entitled
"A Map of the Distribution of Population in Sweden: Method
of Preparation and General Results".!® This method was
developed in a response to the need for displaying quanti-
tative data. De Geer felt that the "averaging" effect of
the choropleth technique was detrimental to the develop-
ment of a genetic-quantitative geography.!*

As a solution to the prevailing inadequacies of the
contemporary methodology, De Geer proposed the use of
“three-dimensional® representation based upon the existing
theory of the dot method. It was his belief that the
graphical representation of spheres could be drawn in a
manner coexistent with dots. The fundamental dichotomy of
two-dimensional representation versing that of three dimen-

sions had just found the basis of its origin.

Symbolism
It is strange, though, that this was not noticed by

the cartographic community. Instead, in 1928 Guy-Harold
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Smith published "A Population Map of Ohio for 1920" uti-
1izing the same basic technique.!3 The only distinction
between the two methods was Smith's alteration of the sym-
metrical arrangement of dots utilized by De Geer to an
asymmetrical arrangement of dots.

In that well-known product of Smith's (excerpt shown
in Appendix A), we notice that the "spheres" are actually
circles. Appropriate shading is rendered in an attempt to
create the illusion of spherical structure, but apparently
Smith conceptually viewed these figures as circles. This
argument can be supported by noting the locations of these
symbols. If these figures actually were perceived by Smith
as spheres, their relative locations would be positioned
by consideration of the point of spherical tangency on each
sphere-plane interface. Thus, the "resting point" of each
sphere would be commencerate with the planar location of
the respective cities of which the spheres represent the
population. Instead, it can be noticed that if the
“spheres" are perceived as circles, the respective centers
are accurately positioned over the appropriate city loca-
tions.

Dimensional inconsistency is a problem of this method.
While this topic will be discussed subsequently in ref-

erence to symbology in total versing the base map, 1t is
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apparent that in this case dimensional consistency has not
been considered even in the portrayal of all symbology.
“Three-dimensional" figures have been interspersed with two-
dimensional dots. The result is one of dimensional con-
fusion on the part of the reader, derived from dimensional
inconsistency of symbology presented by Smith.

As was mentioned earlier, dimensional consistency can
also be viewed in terms of two map components. The first
is the physical base on which the quantitative data rests,
and the second is the symbology itself. While Smith failed
on the latter count, Erwin Raisz overcame this problem
through the use of cube-l1ike symbols referred to as "block
piles", only to fail on the larger scale of consideration
that places these two elements in concert.!®

Raisz presented an article entitled "Block-Pile
System of Statistical Maps" inm 1939.!7 It was his desire
to provide a technique that could overcome the lack of
commensurability and the subdivision difficulty inherent
with the use of "spheres". A publication entitled "Geo-
graphical Distribution of the Mineral Industry of the
United States" appeared two years later.!® An example of
that technique is shown in Figure 7.

Throughout Raisz's work we find that the States were

drawn in respect only to two dimensions, while the "block-
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FIGURE 7 - RAISZ'S BLOCK-PILE
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piles” were constructed to portray the illusion of three-
dimensionality.

Referring to Figure 8, we can see that a cross-
sectional view shows tha planes to which the base map and
the “block-piles"” are oriented, respectively. The "block-
piles” have been constructed in such a manner that the
imaginary base upon which they rest is forty-five degrees
off the plane on which the base map has been constructed.
This disparagement, whi]? perhaps not immediately notice-
able to all map readers, should be rgcognized as dimensional
inconsistency to anyone at all familiar with the observance
of depth in the real world.

Wilbur Zelinsky utilized isometric symbology in an
article entitled "An Approach to the Religious Geography of
the United States: Patterns of Church Membership in 1952".!°?
The use of these particular volumetric symbols did offer the
possibility of overcoming the weakness presented in the
works of Rafsz. Unfortunately, Zélinsky was apparently
unaware of this and thusly proceeded to induce the same
problem in his cartographic output.

Figure 9 shows several midwestern States with an iso-
metric cube constructed and displayed in the same manner
as those used by Zelinsky. Again, we see by cross-

sectional 1llustration in Figure 10 that inconsistency
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FIGURE 9 - ZELINSKY'S ISOMETRIC CUBE
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exists. However, consistency could have been realized by
Zelinsky had he adjusted either the projection plane of the
base map or the projection plane of the imaginary base upon
which the isometric cubes rest. By adjusting the former to
fit the latter, the product as shown in Figure 11 can be
derived.

The cross-sectional diagram of this derivation, Figure
12, i1lustrates that the two planes in question are super-
imposed on one another. Furthermore, dimensional consistency
can be achieved by utilizing the isometric symbolism com-
bined with an isometric projection of the base map. While
Figure 11 is consistent in terms of the projection planes,
true dimensional consistency can be gained by incorporating
a form of total {sometric perspective that would view the

scene from the southeast and appear as in Figure 13.

Perspective View

While the cartographic examples, both reproduced and
newly generated, have shown an increase toward a greater
appearance of "three-dimensionality", it may be noticed that
they are all deficient in terms of angular perspective.

This is not too difficult to believe when we realize that
angular perspective has been essentially disregarded by
thematic cartographers throughouf the field, froh past to

present. This point is substantiated by the conspicuous
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absence of documentation concerning efther theoretical or
methodological considerations of angular perspective in
"three-dimensional® thematic cartography. Furthermore,
actual cartographic products of a thematic nature employing
the use of angular perspective are yet to be found in the

T1iterature.

Neglect in Landform Mapping

Occasionally, reference to angular perspective in the
broader classification of cartography per se can be found.
However, these references are usually concerning topographic
cartography. Axel Schou applied this consideration to land-
forms in 1941.2° Additionally, commentary on one-point and
two-point perspective in the graphical rendering of land-
forms is highly stressed by Lobeck.2?! Generally, though,
its use even in block-difagrams (of landforms) or perspective
maps of the terrain is discouraged. Jenks and Brown des-
cribe the use of angular-perspective maps as not being
economically feasible,?2? while Monkhouse and Wilkinson say,
"block-diagrams (of landforms) can be constructed in efther
one-point or two-point perspective, with considerably more
labour."2® It is significant, then, that the application
of angular perspective has yet to be introduced to "three-

dimensional” thematic cartography.
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It is quite understandable that the use of angular
perspective has not yet penetrated the entire field of
“three-dimensional” thematic cartography. The basis of
“"three-dimensional" cartography, in general, has been
topographic, not thematic. In 1ight of this, the physio-
graphic method attributed to those such as Lobeck and
Rafisz2* was fundamentally concerned with the correct plani-
metry of maps.2%

Thematic cartographers have traditionally been follow-
ers of methods used for topographic mapping. Quite fre-
quently, thematic and topographic cartographers have been
one in the same. Owing to this, those in the field of
thematic cartography have not been original, but instead
have applied methods developed for the portrayal of topo-
graphy to the problems of portraying thematic information.
Methodology applied to topographic mapping was never ser-
fously challenged as to its thematic suitability. One such
method 1s the physiographic method. Another is the terrain
diagram proposed by Dufour.2® The result has been the
adoption of methods for portraying planimetrically correct
three-dimensional topographic information to the thematic
arena in which three-dimensionality might be of importance,

but in which planimetry is of lesser consequence.
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Neglect in Thematic Computer Mapping

The upsurging utilization of computer plotting capa-
bilities in recent years has furthered the disregard for
angular perspective. Numerous programs have been developed
to portray statistical data in "three-dimensional" form.
Some of these programs have been adopted by thematic carto-
graphers. One such example is the SYMVU program that was
developed at the Harvard Laboratory for Computer Graphics
and Spatial Analysis as it operates on Michigan State Univ-
ersity's CDC 6500 computer.??

The SYMVU program allows for the construction of a
“three-dimensional® drawing. It may be applied in a manner
to graphically portray a statistical surface defined by
points or one composed of conformant areas. We shall be
concerned with its relevance in the latter case. When this
program is applied to a subject such as population in the
States of the Unfon, the States are drawn to appear as geo-
metric solids. The height, or z-axfis, is scaled so as to
be proportioned to the predetermined variable. This figure
is constructed upon a "block" to further enhance the three-
dimensional effect.

Computer graphics of this nature are appreciated by
many people for a variety of reasons. Consistent line work

is one. Far more important, though, is the capability of
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this program to portray the data easily from differing
points of view. The altitude, or viewing angle, can be
adjusted from zero to 359 degrees. Scaling and shading
patterns are variable within l1imitations, as well. Most
significant, however, is that all of these alterations can
be performed merely by changing a few numbers on two control
cards. |

Incidentally, while the SYMVU program does retain the
capability to produce output in two-point angular perspec-
tive, this option requires deliberate action on the part of
the user. Assuming that most people using a "canned" pro-
gram will take advantage of as many default options as
possible, the isometric projection would be unconsciously
selected most of the time. This owes to the fact that the
{sometric projection is the default option for projection
type in the SYMVU program.

Figure 14 shows the SYMVU program as applied to pop-
ulation of the midwestern United States in 1970. Mensur-
ation of the population is accomplished by either visual
comparison or by physical means utilizing the scale con-
structed on the apparent z-axis. It might be worthy to
mote that determination of population cannot be made
directly from the "three-dimensional” representation,
itself. Without the scale appearing in concert, the map

is quantitatively meaningless.
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Figure 14 presents an additional problem, as well. 1In
it the significance of angular perspective has been ignored,
totally. 1In this case the angular perspective would be one-
point perspective. The sides of the "blodk" (y-axis) should
appear to be sloping inward to a focal point on the horizon.
While the exact slope could be determined from knowing the
base dimensions, viewing angle, and distance of viewing, it
is sti11 valid to state that 1ine AB should be shorter than
1ine CD.

Figure 15 views the isometrically projected “three-
dimensional" structure from a corner. In this case the
lack of two-point perspective is much less noticeable than
was the lack of one-point perspective in the preceeding
figure. However, the violation of angular perspective has
occurred none the less. If this drawing was in two-point
perspective, we would find that 1ines AB an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>